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1, INTRODUCTION 

Nowadays, current Driver Assistance System (DAS) was designed for comfortable and safety 
driving [1]. The most popular DAS is the smart car parking system by using sensors to detect surrounding 
car. However, there is a lot of improvement for DAS including cruise control, automatic navigation system, 
lane departure warning, etc. [2]. Long journey driving on highway will lead loss of concentration of driver 
quickly and also cause the driver doze off. Besides, heart attack during driving will also harm to other road 
users [3]. The risk of accident will increase due to these conditions. Therefore, this system will be designed 
to detect the driver’s condition and perform specific tasks such as warn the drivers and automatic parking 
depends on the behavior of the driver. At the same times, this system can avoid all the obstacles and cars on 
the road from time to time [4, 5]. 
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Recent paper and research have focused on the driver assistance system. The comparison for various 
medical diagnose instrument like EEG, ECG, GSR and PPG for drowsiness detection is proposed by many 
researchers [6-11]. In-ear EEG has the highest accuracy to detect drowsiness if compared to GSR, PPG and 
ECG. The torque concept is implemented into steering torque control to prevent lane departure also 
investigated [12, 13]. This method definitely will be one of approach of advance driver assistance system in 
the future. The combination of laser range finder and camera by using HOG and SVM is implemented to 
reduce the number of computational processes of captured image and makes the system more efficient. 
Besides, this will increase the speed of the system in order to prevent host vehicles from crashing [14-16]. 

There is several electronic components used for efficient monitoring and also vehicle control 
including infrared sensors, heart beat detector, GPS, GSM and Arduino Uno R3 [16]. Del-SoC which is 
FPGA plays important roles as control unit and main processing unit. Del-SoC consists of 8 channel of ADC 
at a rate of 500 KSPS to receive the input sensors data. All the input data sensors will be processed 
concurrently. Main processing unit will control the speed vehicles due to the distance of host vehicle and the 
obstacles on the road. Infrared sensors used to measure distances between host vehicles and obstacles. 
Heart beat detector used to detect the healthy problem of driver. GPS and GSM works together with Arduino. 
GPS used for localization and GSM will send the coordinate of host vehicles of hospital when there is a 
healthy problem with drivers after the car parked at a safe area. However, Arduino acts like an off 
chip module. 


2. RESEARCH METHOD 

According to literature review, driver assistance system plays an important role in usual life for 
comfortable driving environment and safety of driver. Current driver assistance system is designed with 
several features including automatic navigation system, cruise control, automatic parking, lane departure 
warning, lane change assist, etc. However, most the current driver assistance system that has been designed 
did not reduce the most of accident cause which is drowsiness of driver and sudden heart attack. 
Therefore, an automatic car parking system using FPGA based on emergency condition will be designed to 
enhance the current driver assistance system. In addition, this project based FPGA using DE1-SoC have high 
speed data processing and lower consumption. 

Del-SoC board is one of the FPGA development platforms which commonly used for project of 
variety sensors. This is because of DE1-SoC consists of 8 channel of ADC at a rate of 500 KSPS to receive 
multiple input sensors data. Besides, it also consists of 64MB SDRAM on FPGA and 1GB DDR3 SDRAM 
ON HPS. It is suitable for embedded soft processors with 85K programmable logic elements. 


2.1. Top Level Design 

Top level design is an overview of a system which will describe the operation for each of the 
functional block. The top level design diagram for this system consists of input manager input, capture logic, 
ADC controller, main processing unit and others as shown in Figure |. This kind of design divides the entire 
system into smaller parts and more easily to determine the connectivity between all the components. 


2.2. Sensors Testing 

There are various sensors in this project including ultrasonic sensor and ECG sensors. Sensors of 
this project are detected heartbeat and distance. Testing procedure is necessary to all sensors to make sure the 
functionality of sensor. Output of sensors usually is electronic signal which is voltage but also could be 
current, frequency and phase. Digital storage oscilloscope (DSO) 1s one of the best instruments to observe, 
measure and troubleshoot the electrical signal which produced by sensors. Testing procedure is necessary to 
make sure the detection of real world parameters by sensors is accurate with the electrical signal which is 
understandable by system itself. Signal conditioning circuit 1s needed to improve stability and quality of 
system by indicate and storing the signal which produced by sensors. 


2.3. ADC Controller 

ADC stands for analog-digital converter and converts the analog signals from sensors such as 
distance estimated by infrared sensors and heart beat detector into digital signals which are understandable by 
most of the processors. The analog signals are usually in measurement of voltage and current. 
ADC converted this measurement to digital number which is usually in binary number. For infrared sensors, 
analog voltage output reading of ultrasonic sensors will get larger as the distance between targets with 
sensors increases. 
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Figure 1. Top level design of embedded automatic car parking on FPGA based for emergency condition 





2.4. Input Data Management Unit 

Input data management unit act as a central unit between ADC controller and main processing unit. 
Main purpose of input data management unit is to analyze the ECG signal from driver during high speed 
driving. ECG signal consists of different segment which provide sufficient information about heart failure 
and also heart attack. Besides, all the electrical signal from different sensors have different format, frequency 
and transfer speed will be processed in input data management unit Synchronization process will be carried 
out in input data management unit towards different input data from different sensors which transferred from 
ADC controller. The signal will be transferred to main processing unit once the synchronization process was 
finished. As conclusion, input data management unit receive the entire signal from ADC controller and 
transfer those signal to main processing unit once synchronization process was finished. 


2.5. Main Processing Unit 

Main processing unit is like a core of entire system. It consists of 3 main modules which is steering 
controller, speed controller and also ECG analyzer. Steering controller used to control steering when the 
system is at automatic car parking mode. Speed controller is to control the speed of vehicle due to the 
distances of obstacle. ECG analyzer is to analyze and encode the ECG signal from driver into different 
pulsing signal by detecting driver’s behavior and eventually able to detect heart condition of driver. 
Main processing unit collect all input from each of the on-chip module like ADC controller and then generate 
output which sent to different devices. Main processing unit will carry out all the instruction by performing 
arithmetic, logical, control and input/output operations. First stage, main processing unit collects all the data 
of different on chip module from input data buffer. For second stage, it will interprets the input data and 
execute specific computational for each of input data like counters, arithmetical, logical and control 
operations. After computational is finished, main processing unit will store the output data into output data 
buffer which ready to be transferred to output devices. 

Pipelining technique used in this project. High throughput of system and less consumption power is 
always the common needs for a system. Parallel computing is definitely one of the computational which 
commonly used in FPGA-based system. Spatial parallelism used since it can duplicate hardware which can 
perform multiple tasks at once. Unlike temporal parallelism which is the task is broken into multiple stages. 
The main objectives of this project are a system based high performance; tasks executed concurrently and 
lower consumption power. Spatial parallelism proposed as the method which can meet the requirement 
of system. 

The main processing units designed using the concept of spatial parallelism. In this project, 
the number of main processing unit will be determined by the number of tasks. This means all main 
processing units will execute concurrently at the same time without delaying any input data to be processed 
especially in speed control, steering control and also ECG analyzer. These specific tasks must be executed at 
the same time. All the main processing units will be controlled by a clock to make sure the tasks execute at 
the same time. 
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3. RESULTS AND ANALYSIS 
3.1. Sensor Testing Results 

For infrared sensors, analog voltage output reading of ultrasonic sensors will get larger as the 
distance between targets and sensors increases. All the infrared sensors tested with different color and 
material of the obstacle including white, red, black, and semitransparent as shown in Figure 2 and 3. 
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Figure 2. IR Sensor testing with black color Figure 3. IR Sensor testing with red color 


From the Table 1, the sensitivity of IR sensors is around with the distance of 40 cm. The threshold 
of IR sensors is at 3 cm which can be seen obviously in the table. The semitransparent has lowest reflectivity 
among all the objects and offset output voltage of semitransparent object is around 2.5V.There are several 
factor that affecting data IR sensor including voltage supply, light condition, surrounding obstacles and its 
own reflectivity. 

At the same time, Quartus II software In system memory editor used to test input data sensor. This is 
to make sure the accuracy of data and also the safety of the system. In the testing process, there is a lot of 
unstable of sensor data. For example, every five readings taken are followed by one unstable reading. This 
pattern is not always being the same and it might be every eight readings followed by one unstable reading as 
shown in Figure 4. A stabilize data module designed to synchronize the unstable data and also different 
frequency among different modules. Figures 5, 6 and 7 show the IR sensors location on the car. 
Also, Figure 8 shows the ECG sensor on car to detect driver heartbeat attack and activate auto parking 
system process. 


Table 1. The IR Sensor Testing Result (voltage) 
Distance White Red Black | Semi transparent 


0 0.0000 0.0000 0.0000 0.0000 
1 1.2500 1.1250 0.1250 2.5000 
6 2.8750 2.8750 2.8125 2.5000 
5 2.2500 2.1250 = 2.2500 1.6875 
7 1.6875 1.6875 1.6250 1.3125 
9 1.3125 1.3125 1.2500 1.0000 
10 1.1875 1.1250 — 1.1875 0.9375 
12 1.0000 1.0000 0.9375 0.7500 
15 0.8125 0.7500 0.6875 0.6250 
20 0.6250 0.6250 0.5000 0.3750 
2) 0.5000 0.5000 0.3750 0.3125 
30 0.3750 0.3750 = 0.3125 0.2500 
35 0.3125 0.3125 0.2500 0.1875 
40 0.2500 0.2500 0.2500 0.1875 
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Figure 4. In system memory heart beat and IR sensor data 





Figure 7. IR sensor back view on vehicle Figure 8. ECG sensor on car 


3.2. ECG Signal Analyses 

Figure 9 shows a standard cycle of ECG signal. There is P wave, QRS wave and T wave. 
PR interval is the time interval for electrical pulse transmitted from atria to ventricles. Heart failure such as 
fibrillation and arrhythmias information can found in QRS segment. ST segment can provide the information 
of insufficient blood supply to organ especially heart muscles. The T wave in QT interval could provide 
information about high blood pressure. 
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Figure 9. Standard ECG Signal 


Table 2 shows normal ECG signal with different segment, such as P wave, PR interval, QRS 
Complex and also QT interval. 


Table2. Normal ECG Signal Data 


Wave/In Time Interval(ms) 
P wave 0.06-0.11 
PR Interval 0.12-0.20 
QRS complex 0.08-0.12 
QT interval 0.36-0.44 


Figure 10 shows the comparison of two ECG signals. Upper signal is normal person ECG signal. 
The bottom signal is the ECG signal with heart attack. From the figure, PR interval and also QRS Complex is 
concave. In this paper, main processing unit has a module to detect the ECG signal, also analyze the data in 
terms of different segment of ECG signal. Besides, the system is able to perform automatic car parking once 
it detect one of the segment of ECG signal is different from normal ECG signal. 
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Figure. 10 Comparison between two ECG signals 


3.3. PWM Signal 

PWM is a modulation technique to encode a message into pulsing signal. In this paper, PWM signal 
used to control steering and also the speed of vehicles. Besides, ECG signal also been encoded into pulsing 
signal with specific frequency. Frequency is one of the main considerations when controlling PWM. 
The system will become unstable if the frequency didn’t synchronize with the PWM. Several synchronize 
frequency modules were designed to control the frequency of several PWM including speed of vehicle 
control, steering and also the ECG signal as shown in Figure 11. 
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3.4. GPS and GSM 
GPS and GSM used for localization and send the coordinate of the host vehicle by SMS to hospital 
when a sudden heart attack happens to driver as shown in Figure 12. 


< 





Figure 11. PWM signal with different duty cycle 





Figure. 12 GSM SMS 


4. DISCUSSION 

In this research, DE1-SoC board is chosen as a platform since it has a built-in ADC which consists 
of 8 channel number at a rate of 200KSPS. This platform is able to provide high speed data processing from 
multiple sensors and also concurrently task execution from multiple sensors. Reconfigurable of system and 
high speed data processing is one of the advantages for FPGA. Several on-chip modules are designed as 
control unit and processing unit. Besides, the system upgradeable without changing any hardware component 
in the future. On-chip module designed as much as possible to reduce latency of system because this project 
requires fast data processing and also precise decision making. 


5. CONCLUSION 

This paper introduces a new approach for current advanced driver assistance system which is 
automatic car parking system based on emergency condition including sudden heart attack and driver 
drowsiness from heart beat detector signal. The implementation is achieved high operating frequency up to 
1.6 GHz and the total of 1083 logic elements and 676 registers are consumed. In future, we can improve the 
robustness of drowsiness detection from facial expression and eye state of driver using a camera. 
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